Pathological features of different sizes of nickel oxide following intratracheal instillation in rats.
Focusing on the "size" impact of particles, the objective of this study was to analyze morphological and qualitative changes over time in the development of inflammation and collagen deposition in lung tissue after intratracheal instillation of two sizes of nickel oxide in rats, in comparison with the results of instillation of crystalline silica and titanium dioxide. The fine-sized nickel oxide sample (nNiOm: median diameter of agglomerated particles 0.8 microm) was prepared from crude particles of nickel oxide (median diameter of primary particle 27 nm) by liquid-phase separation. Another samples of micrometer-sized nickel oxide (NiO: median diameter of particles 4.8 microm), crystalline silica (Min-U-SIL-5; geometric mean diameter 1.6 microm, geometric standard deviation [GSD] 2.0), and TiO(2) (geometric mean diameter 1.5 microm, GSD 1.8) were also used. Well-sonicated samples of 2 mg per 0.4 ml saline or saline alone (control) were intratracheally instilled into Wistar rats (males, 10 wk old). Bronchoalveolar lavage fluid (BAL)F and lung tissue were examined at 3 days, 1 wk, 1 mo, 3 mo, and 6 mo after instillation, from 5 rats of each group. Histopathological findings showed that the infiltration of macrophages or polymorphonuclear cells and the alveolitis in rats treated with nNiOm were remarkable over time and similar to the effects of crystalline silica. The numbers of total cells in BALF and the percentage of plymorphonuclear leukocytes (PMNs) also increased in the nNiOm group and silica group. The point counting method (PCM) showed a significant increase of inflammatory area, with the peak at 3 mo after instillation in the nNiOm group. In contrast, NiO treatment showed only a slight inflammatory change. Collagen deposition in two regions in the lung tissue (alveolar duct and pleura) showed an increasing collagen deposition rate in nNiOm at 6 mo. Our results suggest that submicrometer nano-nickel oxide is associated with greater toxicity, as for crystalline silica, than micrometer-sized nickel oxide. Biological effects of factors of particle size reduction, when dealing with finer particles such as nanoparticles, were reconfirmed to be important in the evaluation of respirable particle toxicity.